the emergent parts, and ability to reproduce on the growing plant are criteria of bacterial plant epiphytes (Burri, 1903; Dueggeli, 1904; Vosnyakovskaya and Khudyakov, 1960 ; for early review see Thayssen and Bunker, 1930) . The present studies were designed to supplement the present fragmentary knowledge of the enterococcal-plant association and to determine whether S. faecalis is a potential epiphyte on plants.
MATERIALS AND METHODS
Three experimental approaches were used to study the ability of S. faecalis to proliferate on plants. The first was designed to determine the behavior of the test organism and the control bacteria on germinating seeds, and the abilitv of the bacteria to spread with the newly emerged plant parts. The second involved experiments with plants grown from surface-sterilized, reinoculated seeds in sterilized soil within sterile glass containers. The third involved growing plants from sterilized, reinoculated seeds in sterilized and in nonsterile soil in the greenhouse.
The test organism was a culture of S. faecalis, which produced a soft curd in milk and which was originally isolated from the feces of a black bear. It was cultivated routinely in Azide Dextrose (AD) Broth (Difco) and on the KF medium of Kenner, Clark, and Kabler (1961) .
Two microorganisms, generally considered to be epiphytic on plants, were used as controls. A local isolate of S. lactis was cultivated routinely in milk, and recovery and quantitative studies were made with Tryptone Glucose Extract (TGE) Agar (Difco) on which the organism produced typically white, opaque, smooth colonies. Lactobacillus plantarum (ATCC 8962, strain 250Y) was cultivated in AD Broth, and recovery and quantitative studies were made on fresh Tomato Juice (TJ) Agar (Difco) on which the organism produced smooth, button-type colonies. This organism is widely distributed in nature on a variety of garden crops (Pederson, 1936) and on orange blossoms and fruits (Hays, 1951) .
In preliminary screening of common garden seeds, five kinds were selected which would survive the procedure of surface sterilization (according to the method of Rovira, 1956 ) and which would germinate and grow under the environmental conditions of the experiments. These were white and brown bean, corn, rye, and cabbage.
Inoculation of seeds. Sterilized seeds were immersed in 24-hr-old liquid cultures of each organism, singly or in a mixtuire of the three cultures, for several minutes. The GROWTH OF S. FAECALIS VAR. LIQUEFACIENS cultures were diluted to contain 1.8 X 106 viable cells per ml. The average quantity of inoculum adsorbed per seed was estimated to be 0.004 ml for cabbage seed, containing 400 to 600 cells; 0.005 ml for rye seed, containing 300 to 500 cells; 0.04 ml for white bean seed, containing 3,700 to 4,500 cells; 0.05 ml for corn seed, containing 4,500 to 5,700 cells; and 0.055 ml for brown bean seed, containing 4,600 to 4,800 cells per seed. Uninoculated seeds used as controls were immersed for a comparable period of time in distilled water.
Behavior of bacteria on germinating seeds. Sterilized, inoculated, and uninoculated seeds were placed on 2.5 % nonnutrient (NN) agar in petri plates. Dihydrostreptomycin (2 mg) and penicillin (1,000 units per ml) were added to the agar to suppress the microflora of the unsterilized seeds. When 90 % of the control seeds, which were incubated in moist chambers at 17 to 20 C, had germinated, tips of the hypocotyls and primary roots were excised aseptically, and, together with the seed coats, were cultured in appropriate media.
Growth of plants in a gnotobiotic environment. Seeds inoculated with single cultures and with mixtures of the bacteria, and sterilized uninoculated seeds, were placed in sterilized greenhouse soil (one-third each of peat moss, field soil, and sand) in sterilized glass jars closed with cotton-gauze pads. After incubation for 96 hr in darkness, the containers were removed to a constant-temperature room equipped with "day-brite" fluorescent lamps 3 ft above the containers. Temperature at the soil level was 25 C under light and 19.5 C in darkness at approximately 85 % relative humidity.
Growth in the greenhouse. Seeds sterilized and inoculated as described above were planted in sterilized and in nonsterile soil in pots embedded in sand. None of the three bacteria was recovered from the nonsterile soil or the sand prior to planting the seeds Recovery of bacteria from plants. Excised primary and secondary roots, arils, cotyledons, and primary leaves of all plants, and secondary leaves of beans, were placed into KF and AD Broths and into Litmus Milk for enrichment. From the liquid cultures, streaks were made on KF Agar for the recovery and identification of S. faecalis, on TJ Agar for recovery and identification of L. plantarum, and on TGE Agar for the recovery and identification of S. lactis. Quantitative estimates of populations were made by mechanical disintegration of whole plants in phosphate buffer, followed by surface plating of serial dilutions on KF, TJ, and TGE Agars.
RESULTS AND DIscussIoN
Recovery of bacteria from germinating seeds. Bacteria added to the seed prior to germination were recovered from the aril, primary root, and hypocotyl of each plant, except rye (Table 1) . S. faecalis and L. plantarum failed to move with the hypocotyl of the white bean, and S. lactis not only failed to move with the primary root and the hypocotyl of cabbage but died in a number of instances on the seed coat of this plant. El Shammaa (1962) isolated from rye seeds and germ-free bran a water-soluble, crystallizable, heatstable antibiotic substance, which is active against many MUNDT, COGGIN, AND JOHNSON bacteria including S. faecium. The substance apparently is inhibitory rather than lethal in action, and its action seems to be nullified by soil (Fig. 1 to 3) .
Recovery of bacteria from plants groum aseptically in glass and in sterilized and in nonsterilized soil. Figures 1 to 3 illustrate recovery of the bacteria, during one or more of several trials under each condition of the experiment, from each of the designated plant parts and from soil. S. faecalis was recovered consistently from the rhizosphere soil of all plants under all conditions of cultivation. It was present quite consistently on all designated plant parts, except the stem of white bean under one experimental condition (Fig. 2, top) Stark and Sherman (1935) Increase in the number of S. faecalis was substantial when compared with the number of cells estimated to have been added on the seed. It produced higher populations per gram of plant material when introduced to the seed alone than when introduced with a mixture of the bacteria. With but two exceptions (L. plantarum on white bean and on corn), its population on plating was at least as great as, and frequently higher than, the populations of either S. lactis or L. plantarum. In several instances, no increases in cell counts of the organisms used for comparison were obtained when those obtained from the plant were compared with those introduced to the seed (counts of S. lactis and L. plantarum on cabbage, rye, and corn plants).
When considered with the results of previous studies, the findings in this study strongly suggest that S. faecalis is a potential epiphyte on plants. It was found consistently on most plant parts; it established a cycle on plants in which transmission is via the seed; and it reproduced on the growing plant. Although its population density was not excessive when compared with the millions of bacteria per gram of plant, as reported by Burri (1903) and Dueggeli (1904) and, more recently, by Mundt (1956) , it did produce populations comparable with those of the accepted plant epiphytes, S. lactis and L. plantarum.
Previous studies (Eaves and Mundt, 1960) and concurrent unpublished work suggest that S. faecalis and its variants may be spread with relative ease from animal wastes to plants by insects and possibly by other agents. This report indicates that these bacteria also are capable of adaptation to an environment substantially different from that of the intestinal tract in quantity of nutrients, temperature, and moisture. The fact that they do adapt presents an interesting problem, namely, the distinction between those bacteria introduced to plants from animal wastes, those which may grow temporarily following such introduction, and those which grow in a truly epiphytic relationship. It is unfortuinate that isolates from plants bear no presently known marker which will positively distinguish these streptococci from those of animal origin.
